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Life Scicnccs Rcxcarch o[ricc (MD-I(I!S-P), Kennedy Space ('enter, FI, 32X'_9, IJ.5.A.

Ahqrarl - In ;I St'lh:_; o1" sludic_,, wc have exanlincd Iht! eflt'cl,, of c×p(Y-,ur,," I() ximuhm.d mh'r_u!ravilv, vHr>'h)!,

sl;ll_'_ id" va3,ciiI;ir Vldlllll(% Hnll _ltllll? i?xt-ICi!,t" iirl Ihc I'Iinclillll or Ihl" vHH_lid C;ll_li;ic b,lrorrl'lcx ill Ill;ill. In lilt' Iil_,l

,'.;IIldV, expOstlrc In xinIHl;llcd i]llCr_i!,.l;ivily (6 _ hc;Ithlowll l_cdiexl} n'dlicrd lhc t;cm, HivHv and hullur capm Hv _I lhc

v;ig;ll baror¢c0plor-cilrdiac rcrh-x Incchani'qlls and lhi_, iml_airt'd han'trcrlcx [-unc:lil,n ,._.,a_, ax_c_,cuHctl wilh _H-lho:qallc:

hvi_olcnMon. _incc lh¢ rcduclHm ill pl;l'ana VOhlmC durin!,. ];14 w;v, lliH colrr];llt'd wllh mq_;Hrcd b;mHclIcx l-unc-

tiun, a scc(md Mudy was t:_mdHClt'd which (it'lllOll>.ll'illL'd Ihal the Cill'olid-_.'ill'(hilc I_;H(H'clIcx rcN_,n',c win. n_H

affectedhy cilhcriKuichyl,ov.lcnHa_r hyl>crvolcmia.Thcxc rc._ullxsIH_',!tc',lthatacuh"lhml rcphiccm,'nlp_H,rl-
rccntry m;_y nol rcvt'rsc imp;mcd b;Irorcllcx fllnclion axs_wiatt'd wilh poqrliy.hl hypown,>ion. In a third lqml),, wc
dCllUWIMralcd lh;ll oil(" bOlll i_t" lll;l'..tm;ll L'Xl:l't'jxl" illCl't';IM?d b;m_rcl]c× _,cnsiliVilV ;lilt[ blllrcr c;q_acilv I]lr_.l!:h 2'1 h

po,,l-¢xcrcixc. Thcxc b;ir_u-cflc_ chan_'.cs wcrc oppo',il¢ I_ Ihoxc ot_sclvt'd followinl, 1;1(. T,ikcn lt,_.,clhcr, lh.';,c d;ll;i

MI_'._',L'M Ih;ll Ihc conlrlhllliOll'-; of reduced blo_d wlhllllC and inlp:lirctl ,.'ilrc, lJd-t'illah;ic I'.;ll'OlCJ]t'x Iiii1cIiOll ll) orlh._-

slillic h'¢polcnxl_m fi,tl(.winy, c×p_,'.urc IC. microgravily arc iHa_hahly ,,.cparalc and addilivc; m:_×imal cx_'rcixc m addi-

tion to fhHd rcplaccmcnt may provide iII1 aC|llC cfr¢clivc ¢ounlcrmcar;tlrc a_,.ainxl poxllhL, ht hyl,_Hcnxi_ m.

INTROi)U( 71'ION

I)cvclopmcnt of orlhoslalic hyl3olcnnion fl)l-

Iowmt,. spacclli._,.hI h;m bccn rcporlcd in both
_J.,_. ;I1111 _[)Vl¢l _.]);I('¢ ]ll'C_!'l';llllS. llow¢ver,

mcchanixmx undcrlying posllli!,ht orlhoxlalic

hypc, lensiorl arc unclear, making." Ihc develop-
ment oi" ell)clive c<mnlcrmc;mtircs dirlictdl,

rulrlicu hlrly l'_tr Ion_.,. dtlralhln mis._ionx.

Re(blood l_lood "¢ohiillo coill rihulcx Ill, hilt prob-
ably is nol ;i xufficiclll Cxl_hil_alion r_lr p_lxl-
Sl)aCcl]ij,hl _mliilxlalic hyl_lll,'nxilm l i I, Anolhrr
]l_lxxilHlily ix Ilial hnl_ail¢d har_lrcfh:x I'llliCli_lli

arlcr rt,¢nlry inipairs henlodynaniic adjusllncnls
Io slanding.

hi IIIi _, l_;ii)('l ", <l;ll;I id+l;illH'_l Ill,Ill ;I t,t'llt"; Ill"

Ihrt'c CXl)t'lilllt_lll_ COildllt;l¢(I ill Ihc ] him;ill I,ilc
_cicnct'$ I{oxoiirch I_aborahH'y ,il lho Konnc(ly

<",Jpacc(_'t'nlcr will be I)roxonlcd and [liscllsxcd in
all crllil.i h) ¢_;ililhlc Ihc Iuncli_m tll" Ihc carolill-
c,lrdilic l_arm'c'rlox iil lllall ;111(I how il i._ affcclcd

hy oxposurc Io Silnulal0d inicrol_ravily, by var-
yint; _,l;llt ,_, of vaXclllar vohllill,, allll I_y aClll¢

cxcrcix¢. The rcxullx I_i'ovidc I_rac'lical inlplica-
lions I]lr ilrcx0nl uso ,in[I rUlltro dt'vclol_n_c'nl or

c'OUIllCiTilt_a.Mlrcs agaillxl postflighi orlhoshilic
IlypolcrisiorL

IlAIIOI/EI"I,EX MEASUREMENT

In all throe xludiex, c;ll'olid baroreccplof

C;ll+_liac rcllcx rcxl_ollxcs were illc;ixurcd %',,"i111;I

mclhod dcxcribc_l I'm'vi_mqy [211. Ihiclly, u

SlCl)lHng-nlohH" driven I>cllmvx wax uxcd Io
deliver ;i xcricx o1 1)iCSXiHt: aim SilCli_)ll xlcps Io

,i 5ilaxtic neck ch'4nlbcr. I)tlrin!, Ilcld ¢XlHI4-
lion, a l)rcxxurc _ll 40 nln_ll!t wHx dclivcrc<l Io
Ihc cli_ul3bor ,ind h,'ld ror livc I,_-wHvcx; Ili¢n.

wilh Iho noxl P,-vvav¢, IlK" I_rt',<;_lirc Se(luenli;_lt 7
XlCl_pOd ,il lil;iXillllllll r,llcx in i'xct'_,_ _1 ],(i0
nllllli,,.,ds t_> at)llrOXllll,ilcly 75. 10, -5, -2(/, -35,
-50, and -65 lliml I_', ;iil(I Ilion rclurll0tl Io ,irilbi-

cnl prcssiirc. I>r¢,'-;_llr¢ ._lC'l)X WClO IriT_.,c'rc_l bv
I_,-wav¢>> so Ihal ilt'ck t'hanibtH i_l¢Sxtlrc t'iIHHIHt._

Wt_l+l,? Mil_Cllllll3,)Y,i_d IlpOI1 I1;lliir;lllV-Ot:¢llITililt
carolid plilxcx. Thix Illlllll!, ' \,¢;I,4 _ll_>);c'i_ xl> IIHil

CXll('riliit'lllal har(ir('tclHor Mllillili w_lilhl bc ;1_
phy;;ildH!,it' m'; i_oxxihlc. \Villi ilim It'thill_lii¢,

aMCrilll prc.<;xlirc t:liaiilto,_ arc xnl;ill I?.11.I)111"111_
cach lc'.'+l xcxxion Ilk; Xlilnllhm X¢_llttq_c¢ wax

rl'llt'alrd "#' lillll'}, ;lllll Ihr _I;11;i ;iVt'l;il,t'_l ItH t';itll

xiilH('cl. I_lliiHt'l t'llllll t,lllllllhl:, ',lllll?; iit>tl(

It'<_llt)ll,'4c It?iallttllP; IIl¢:iMllc'd III Ihl_, %vily ;lit'

hi_,hly rcpro(hiciltlo, l/Iood l+lCS:,iliC', <:, \vc;rt:

hlkcn wilh a ,_phylLnlOlllail<)lilt'lcr ;11 lilt hc_,ili-

ninlL of¢,ich IcM xcxxHin.

_CVCI';II 111(';I,MII'C111¢II15 V¢CIC tlt;l'l\'C_l I(H" tXIt']l

NCqlI¢I1C¢ Of t'al'tHi_l h41lll'c't't'llhH-t';irtli;l¢ i('tlcx

rt'xllOll_,t'_ 1711. ('iil_llill diXlt'ii(lililt IHt"',lllC
Wa,_ coil,_itlort'd Io bt" xyxl_)lic i_l-t'_Mirc • iiiillil._

neck chalnbcr prcsxiH'o. I_,ai_H'cllcx xlimuhix-
rcxponso rchilionxllips vv,¢lC dcxcrihcd hy phil-

fin !" R-R inlcrv;ilx for each ]_l¢_siiio slop ,i_giilixl
carolid di_lcndinlt prc,_SlliC._. The il_axinl/llil

xlolx: was dc.lCrlllined l_y appl>,iny IcHxl x(tilarcx
royrcxxion {lll,<lly<';¢_ I(I lhc l}ll+t'C C()N.xt'('llliVt"

l_oinlx _lll lil¢ i't:xl_tHixt" C'liivc Iillll IHl_thit'cd lhc
jLICHI¢.M xh>pc. The I(-1( inh!iv;il IJll_tc' tv;i5
tl¢lincd ,ix ih_ ditlclt'llcu" ill lhc maxiiliillii Hind

liiinlliiiilll I_-K illlt'iv;ilx.
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l'rt)hm_zcd 6 _' ht';td-d_)wn bcdrcq li:is Iwcn

used h) sinlul.dc hcnlodyn:._ic ch:m),.c_, lh;H

OCCIIr _.VhCtl ]lllIIHII1S _llt" exposed It) I/li('I(I_'I',IV-

ilv 11,3,6,1')1. Wc used Ihis nl_)tlc'l in II1,.' firm

_Itl_.ly Is d,olcrnlillc I ) il Illt-rt- illC ;lllcl_di(uls in

lhc c+utHid I_;uorcccl-,tor ,',tilnulus-c;Irdi;tc reflex

rcsl-w,n,,.,c r,.zlali_m foll(_wiilg i-u'<d_ng,?d cxpo.',urc

to) simul_ucd micr()_ntviiy, _tlltl 2) if ch;in_.,.cs ill

b;u'orcflc x fu ncl H)I1 (i f they occtna) a re rcl31t'd It)

I)l()(/cl l)lCSSillC rt.'xpOllX¢:s during, poxli1)c(h'c,q

slml¢lin_,. ()ur rc'.cull.', h:tvc I',ccia i-ucviotlsly

rcporlcd [7,$1 and indicate ih;tt iml-mirmcnt c,f

v,q'.al l'_ar(_rcllcx funcliotx occurs during hc:ld-

down 1)¢(Ircnl and is associ:llcd with (lysfimc-

lion of hcmodyn:m_ic adiustmcnls Io slandinl_,,

and SUl)port Ihc Ilq',liotl thai 1);trorcllcx imp,fir-

nl('nl may c'onlril)ulc Io orlhoslzllic hyl)olcnsion

following st)accfli_hl.

l';Icvcn hc:lllhy llOll,_nloltill<l, ilOllllolcnsivc
moll, wilh ,i IllO:ill (tNl._) ;l!,C oF 3_ -.122 yc3i.':.
(i;liiQ.c 31")-4.5)..i lilt,in licil_,lll of 179 ± 7 cill
(1"iii17o 17.t-1_S), ;lllCl ,i nlcilll wcittht of 79.0 v_

2.() k12 (l_lnl'_o 67-93), vohlillCClC(I Io pari icipalc
,is suh.iccis in Ihis slutly, l)iiriil_t a 3-wcck

nricnl:llion Icsling I_criotl which i)rcccdcd Ihc
xludy, _lll stihiccls wcrc illatlc flimili_ir wilh iho

131)l)r_il<u'v, Iho ]nxlh)vol, _iiid l_lOt'clltirt;s. The
rxl)crilll('llhll lli'()loc(l] CollilHi._¢d _) (I oF :lnlbll-
131oly coillr<_l (C) I_,lh)w,_d by 30 d of 6" hcad-
tlOXVll bc'dr_'xl (ItR) :lnd 5 d of l_()sl-hrdrosl

rc-('<lvt, ry (1"_). l)lilinl_, l_cdrc-sl, Iho sul_iccls
1"_'1113 int'tl he'll< I (h)wI1 wilholll IIllC rrlll)l loll.

l'7,irh sub iocl illltlcrwc'lll ;i c:il_Hid-c_ircli,ic I)_iio.-
reflex Ic'xl oil Ihc f(lurlh (l:iv prior Io hc'drc,_l
((',I). lin tl;iy_ I, 3, 12 _illll "?._ duriil!, I_ctlrosl

(HI,tl, IIR3. U.R 17, ;iild IIR75), ;inll on (I;iys ").
alltl .5 ill" rc'cOVCl'y (1<2 ;.ill(I R$). hi atlclilion, Ihc
sub.ic¢ls roliirncd h) Ihc I:lbor_ilory ;iflcr 25 (lil ys

of unconlrollcd rccovory (R30) for _1final baro-
rcflcx Icsl. I)urin7 lho i)ro-bcdrcst conliol and

l_O$1-1)t'th'c_l lt't'l)vtqv Ic.xl_. _i 30-mill $iil_iilc
rt-$1 pt'riotl i_it'ct'tlctl c'_lch session, l?,c'_lillj',

I_l;Islll_l v<_lUlill" _.'_,;i$ Illt'_l_ill't'tl i)ll ('<l, I_,K3,
IIRI2, _llld IH<2.5 ',villi _lll liV_ill._ bhic dye

h'ehnittuc.

A _i;in_l lt'M w;r-, c'()illht¢lt'd inlnlc'di_llt'l 7 till(ill

Ihc; Ic'lli/lil,llllill of' lilt" _t()-d<iy I_c'ttic'._l (Iq I]. 'l'ho
Ic,_l bc!Niii wilh Ih0 nUblC'Ol ._lllilll_ ill bed wilh

hi,_ fccl h;In_'.ili_1 over Ilic side of lilt; I_0,1 llol

IOlic:hiill,. Ihc I'l(_}r I()r (,0 mill. lnmlcdialoh, fol-
Iowii}!_' Ilic xillinl_, .<;ul!iocls lii_tlcrw('l]l ,i 5-nlin

;it;livc st_in(I lt'_l. Thl. sub.ict:l.<; wcrc iii,_lruclcd
lo sl_.illtl Mill wiih Ihl;ir fcci i)l;_c:ctl 17 illchcs

nl)_irl, wllh lhcir wci!;hl evenly disliil}illc;d, _ill(l
1() ri:fr_iin flonl nll)vin:,_',. Thu,_, C(}l]lr,lfli_ms of
lilt; leg muscles wcrc Iliosc rccluircd I_) Stil)l_oil

sl_llion;iry $1_uldinl_. I/Iood i_rc'ssuro _ind he,ill
r_llc' wcro Mc_lsurcd at Ihc cnd of minulcs 3 and

5 _)1"slandinT.

Avcr,ll,c 1):lrc_rcflt, x lcsponsc rctnli_)n._ f_i" all
sub.iccl._ ,llC clclm-locl in I:i!_,. I. These rol;ilion-
ships (]c'lilonslr:.llt- lll;ll I)olh Ill_iXilililill sh)l_CS

;.lllCI I{III){OX _tl rc,'>l_on,_cxdc-crcclscd l_i't)T/'cs -
sivoly wilh ct>nliniiin;_, bcllrcsl, i_llcl did nol
rClllril Io basclino vlihlcs by Ihc Iiflh d;iy of"

rct:ovt, ry. Thils, CXllOStlrt; hi ._ilnul:ilccl micro-
_i;ivily (Niil<_C,_ siM_ific,li_l iml_liFinCnl of

c:ulllitl-ciirtli:lc v:ig.il I_lrorcl]c'x fuilclioll.

l_l(,)d vf)lillllt; rcduclion ll,l._ bc_'n ._u_y.csfc(I
,is o11¢ i)_snihlc ilicch3iii._ill rcsl_Oil_ihh_ for

inll)_lirlllCnl of I)_irort'llc'x l'tlnClion tl51. Me311

I'c<'Ji nl'_ pl_lsil/,i vohlnic for _itl sul_lcCls
(Ic't'lC;ixctl by ,il_l)rt)xhi_;ilcly I.q<)h by IlR3. hill

._li_wc'd i_ Ilillhtq" r0tluc'li(ul Ihroll),h lht" cil[I of
hcdrt'sl. "l'li¢ic w_ls liO situlil'it'iinl t:orlt-Ililioll
ht'lwt't'n ctll;lil}tt'_; ()1 I)llI.Mliil VlVllillit_ thlrill.'<1

I_t_tll'cSL ;illd oh;in{los r)l" I_ux)rc'FIc-x _lopc'._ (r =
-0.1"], 1> --: ().3715). "l'l-uis, Ihc lillic tN)lll$C_ ill"

ehallges in plaslila vollln_c _ind scnsiliviiy of Iho

baroroflcx slii_luhls-rosponso iclalioi_shi I) wcro
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]gt'.. l. (7;iixllid Imr()rOTph)r c31dinc rrflcx iC_,l_,liSC riHalion_,liip._. I'tlilcl A ilcl_iC:l_ r'cl:llioi_:_hips I,iNicr_ilt.d q"il II_15"-;

1, "I, 12 and 25 of bedroll (IIR) ;Ind Ihc i_rc-lwdlc_i c(mlrol clay (C4). Panol 11 depicts rcliitionxhil)_ tT.'ncrnlt'd on
days 2, .5 _ind 30 (_1i)osl-I_cdrcsl recovery (1"_)and f],_.



,_'lh I/IA Alan m ,_Fm'u ,_'rm/_._uen I I

not parallel. Plasma vohmle I\'11 slgnificanlly

hy lhc third (lay oF bcdrcst, :it ;l lime when

maxhnum slol)O of Iho harorcl]ox rcspon,_c roi;i-

iion had not cliailgcd. After lhc inilial 3 day,_ of

bodrc<_l, pia,,;rna re]trait rc'm4incd ;il t,on,_lanl,

low Icvols for Ihc rcm;iilldcr of bcdrosl, I)ut

1-11;1×ii1111111barorcfk'× ;dopes declined pro+arc,<, -

sivcly bolWCCll days 12 and 9,S. lila,_ma vohlmo

was rc.<;Iorcd lo corllrol levels wilhin lhc fii'sl

day of po,sl-lx:drcsl anlbul;ilion, bul maxiinum

b<irorcflcx ,_lopcs rcrn;lincd (loprcsscd for :11

Ica,_l ,5 days aflcr lxxhc,_l. AIIhough our dala do

nol rule Olil a conlribulion I'rolll rcthtccd blood

vohlrnc, Ihcy l)Oinl, away fir_ln rocluclioil_; of

hlood vohlmc as _1 I)riilial'y ¢;illSC of harorcflcx

abnormalilics that dcvolopcd during bcdrcst.

Conlplclo dala Frolil lhc stand lcM wore

obiaincd for t0n subiocis, i;our subjects experi-

enced synct)|)c or prc,syncol)O, lind Ihc rein;lin-

ing six subjects Iolcralcd lhe poslure tosl wiih

no nolicoahlc dil'ficully. Ailholl.{,,h hcail ralc

increased wilh ,_lan(ling M bolh syncop,II (+23

_4-_5 bl)m ) and non-syn¢opal {@49 -t_- 10 bpm)

stibiects, Iho increase was significanlly loss (P

< 0.05) in lho syi'i¢opal t3rotlp. Non-,_yncop<ll

._ubiccls mahliaincd Iho saillO ._yslolic ]'lrc,'4,_iiro

(luririg pro- and posl-l_cdfcM, bill syncopal ,_ub-

.io(:t._experienced siI_'nil'icanl rcduclions of sys-

lolic i)rc_,.Mil'CS;. Thilx, Ci)lllil;ifcd wiih sul_iocls

who Iolor_llcd upril_,hl lm,<,lurc well following

hodrcsl, ,_yneopal sul'ticc'ls dcnion,_lralcd _111ina-

bility lo illcroasc ho;il'l ralc ;ltlt, qtl;lloly, dcspilc

a grealcr illllO_i(lillg of I)aroroccplor,s (lhal i.% a

_icalcr rcchlclion of sy,_l.lic blood prc,_suro).

Olher facIor,_ siic'h ;is redllccd Cil'olllalillg I)h,)d

vOhllllC 11,31, iilt:lc;IsCd h;l: vli,_cullir cornpli-

tlllCC II .SI, alld rcdtlCCd I'C_pOll_Cs of va._o;IClivc

]liHInOllC,'4 [ 1,51 ili;_ly have ciHllril)lllC(I h) orlho-

,_talic hllolor;inoe, llowcv(+'r, rcduclions (1'<

0.0.5) ill" i)lasllla voltlilic Il_iiil 47.7 :L 2.6 on (_'4

Io 40.1 + 1.7 Inl/k 7 Oll BR2._ m llOll-SyllcOpli]

subjccls wore ilol. significantly different fronl

Iho,_c of syncolxll sul!i¢cis (who,_e avcrtll',o

rcdiiclion of I_laxina volunio, fronl 46.4 _t. 1.5 io

4_.6 ± 1.7 nil/k{;, was ,.i(:llillliy lOSS). Also, Ihcrc

were no sil,nil'icanl differences in vasoprc,_,_ii_

'and calccholanlino I'CsponsoN between syncolxll

and non-._yncopal subjects in this ,_Iiidy fV,Xl.
Signifieanl clovalions iii avcra!.c calf compli-
,lllt'O fronl pro- Io l)Oxl-bcdrc,_l, wlfich liiivc bccil

roporlcd for Ihcso ,_ul_jccls I_,1,did iloI tlifl\;r

belwccn ,',yncopal (4.0 _4:1.3 Io ,5.3 :__.0.9 vol%/
mmlt?D ;illtl li(lil-syncopcll (4.0 _+_0.5 Io ,5.1 _

0.7 vol%/luml lg) subjccls.

_ylltXil_al _iil)iccl,_ _lcnl(m.<>lr,ilcd t, reliler

rCdllclioil,s ii1 nl;ixinliini slope ,lll(I l_illfcr ¢iipliC-

ily (l;ill/(c of I<-K inlcrval chan!,c ) of their baio-

rcl]cx rospon,_c rolalion,_hil)Ihan non-,_yncopal

sub iccl,_ (Fi 7. 2). The reduction in m;iximum

slope o1 Iho rcspOllSC rclalion from 4.0 it) 2.2
i,lnscc/nllll] l_ For Ihc syllCOlxll sultjccls was sl(_-

nificanily [_rcalcr (P = 0.042)Ihan the reduction

fronl 3.1 to 2,.'] InSCc/innlllg in the rioil-

_yllcopal gl'otip. "llie dcttioc of inlp,'lirnlcnl oi"

barl)rc flex funclion following 1)cdrcst corrcltilcd

dirccily with the {;l'Ctilcr redilctioil in ,_yMolic

blood 1)rc,_suro arid Iho ,_mallcr iachyeardia

durin}'_ ,<>l;u_tlinl; {r = O.7tl, P = 0.070). Our d;iia

riuly he rolalcd Io Ihosc of Cowley ctal. I I 1I
who l])tincl Ihal con_ciotl.% do{,,s wilh sinoaorlic

l_iirofct;Cl_h_r doilt'iV;llion had ,_l_;lllcr h,<';irl r;lle

incrca,sc,_ and prC;llt'F blood prcs<_tiro rcdti('liOl_,_

durin._ ul)righl po,Muro Ihan dogs wilh iRlaet

barolo flcxc,_.

The major fhldinFs of this ,_Iudy arc that 6 <'

hc,id-down bcdrc,sl Ica(l,s Io sul),slanlial and pro-

_Ircssivc inll);iirlliClll of vtl!2atly-nlc'(lialt'd,

carolid 1);ir()r¢ct'lH(U-t',ildia¢ reflex rc,_pOll,_c:;,

aild l]llil iho (Iovch)lm_Cnl of barorcflex inal-

funclion is ,_it:nific;inlly rclalcd Io Ihc OCOllr-

rollCC of hypolClL_ion (hirinK posl-I)c'drcsl, ,',ltiild-

ing, Our ro_;ull_ i'aiso the iniriguing po,s<sibilily

that barorcflcx impaimlont coniribules Io the
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orlhoslalic hyplilellSkH1 cxpcrJ¢llCOd by aMro-

uauls aflcr spacclqil:hl. Mosl Unilcd ,Stales

a,;Ironaulx expqrk'ncc syruiqomx _I" lild_lhcad-

c(llIt_SX, alld SOlIIC I1ro_",ICNs Io pro-syncope or

syncope during slarldin!,_after spaeeflighls of 7

Io 10 day.,,II.21.Wc hypothesize that as lhc

duralion of spaccI'liFht hn.'reasc:<pro!.,.rcssive

;lllCllII;llinll Of barorccelm_r-cardiac I'c,_pon_i_s

occurs and leads Io grcaler l_osll'lighI ortlloxlalic
intolerance. If tl_is hypothesis is validated.

devch_pmcnl of (,ffeeli'vc counlcrnlcahurcs for

postl+liv, ht orlhostatie liypolcn,'don follownlg
prqicell'tl 90-180 day ,_paCC' _I;1IiO(1 misxions

mit_,,hl have to inch_de Icchnitlucs Io increase

wigal-cardiiic activity and barorcflcx sonsiiivity
prior hi rcc, Illl'y.

I,_I;I;ECTS OF VASCUI,AR VOI,UM E

b;i(Kc reduclion in plaMilli vohl113c has bccll

recogniTcd as a eontrilmting factor 1o develop-
ing oi'lhoxlalic hypolonsion, fhlid in!',cslion of

isolonic saline is iisc(I by U.S. alld govicl crcw-

IllClllbCrS ill ill1 llllOlllpl Io COIIlllCl'aCl pOSSl])]C

episodes of cardic, v;Iscular hlsliIhilit 7 and syn-

c'_po followhlg rt'onlry. Although parlially
cffecliw-. Ihis COlliHCrliloasurc has ilOl com-

plclcly resiorcd orlhoslalic rospOllSCS Io pre-
flight Icvets Iollowin<e short-lcrm ,Sh(ittlc flights

12i ;ind folhlwhl 7 lx:<,licsl [171. ()no liinilali_n
1o Ihix coliillt'l'lllt';iSiil'O may be ii disxocialh_n

bclwt'eli blood vohl(llo ,'llld lho scnsitivily o1" the
barorcflcx since the lime course.s of plasina
vohimc loss alld impaired barorcflcx response,

observed during bcihcsl in Ihc fi(s[ slud7 did
not follow i(i paralh.:t. Thcrcforo, characlc'riz, a-
lioii Of file effeCtS of blood rob(trio chaln_:,cs oil

barorcfh;x rcsponsc._ could provide rclcwinl
inil)licalions for Ihc dcvclopnienl of approprialo
dOtilllOrlllCaSl(rcs agaill$1 orllloslalic hypolon-
sion followhig spaceflight. Our second sludy

was therefore designed to d¢lcrminc if stimu-
hls-rcspo(lsc relationships of the carotid-cardiac

barolvllcx would be allered by acule changes in

plasma and blood volume thai were simihlr in

magnitude and caused simihu" hcmodynamic

rcsponse,s lo lhosc rcporlod (hlriilg aclual I I01
and sinmlatc, d I7,81 spaceflight and following

fluid ingcslion prior to reentry I21.

i";ight hoahhy nonsmoking normolcnsive men,
with a nlcan (±SE) at:¢ of 35 ± 2 yrs , a nlOall
height of 179 :L 2 fin, and a mean wcigltt of

79.5 ± 3.2 kg. vohmlccrcd to participalc m Ihis

sludy. The expcrimenlal protocol required each

subject bc Icsled on Ihree separate days, each

tcsl day ,_cparatcd by al lcasl one week, in each

of dime difl'crcnt volemic slales; hypovolemia,

ilnrmovoit2mia, ;.tlld hypcrvcdcmia. Ncqucnccs

of lest days wore randomized to conlrol Inr pos-
sible ordc'r effccls. Each subjccl WaiS Icslc(I al

tile same lime of day for all Icsis Io conl(ol for

possible diurinal varial runs.

No((lll)wlIcqlila WIIS defined ;ix Ihc' subiccl's

norlllal hydl".ui<m .',llilo it,, il wn((h[ bc (lI1 iHly

day of u,',ual aim rouline nclivily. I lypovolcrrua

WaS illd(ICCd Itv ;111 illll;ivt'no(is illiCCliOll of 30

lllj_', of I,'uro._cliii_le. I lypcrvolculigi w_is /ift'oln-

pli.<,hccl by inltcslion of a fl<iw_rcll isolonic sohl-
lion (0.q?;, satlnc) of,;i volt(tile cqudl lo approxi-

iniileI 7 ]'Y;_-,of It,;lil body ma,_s. The Iol;il vohinlo
WglS COllSliillt'd liver I h in four cqugil porlions al
l }-illlll inlci'vals.

Inmlcdtalt'lv after cilc'h vol¢illic Irt'allllClll,

._ubjcci_ uildcrwtull ]_,0 nun iq" supine rt'sl (Im,_o-
line) which wax fnllowcd by Ihc illeaMirClllC(ll

of Ihc carolid-cartliac ])a(o('cflcx ('espon,_¢ rel,i-

lionship. The c,lrolid-cardiac barorcflex lcxl
wais fullowcd by IllC'aMIrC(llt'llt l/I" plaslna
vt>lume using I:,van's hluc dye. I'l;isma volume
mcas(ircnlonl was lised Io verify Ihat we

induced chal]_,cs ill vascular vohlilic a(ld maiil-

laincd Ihcnl Ihrougllout Ilaroreflex Icslin 7.

When eonlparctl to norlnovoltullia (351('1 :L
"_r).... 5 nil), hypovolcnlia resullcd in a reduction in
i-_laslna vohlnlO cqu;il Io 7953-t; 167 llil (I 5.9%,

I 1 < 0,05) whih: hypcrvoh:nli;( incrca_,cd plaxlna
volunle Io 3N43 :!: 2IN till (9.5</<,, P < 0.05).

Thc(trfore, a nl(,Icl I<lr reth(chlg vascular
vohiillc was verified by a 16% isosrnotio

plasnla vohlllV2 loss wlwn clnlli)_llod It) IlOrlllO-

volcnlia. Tht: nlagniludc of plasna;i volume
rl,'duclion and cxllallxio(1 induced ill Ihis sludy
was characlcrislic of Ihosc: observed during

cxpostlrc Ill achi;([ or shli(ilalt:d microg(avily
[ill] and Ill;ly provide a IIIOdt'l Il>r t'X,llllillill}{

similar of feels o1 hypowflciuia ;illd hypcrvolc-
mia on cardiovascular reflex inccilanisn]s afler

spaccl]ight.

Mcan carotid-cardi;Ic bilrorcflcx response

rclaiionships alld parameler cslimalcs across

hydralion sfales _llC prescnlcd i(i Fig. 3. The
graph o1 llle rcxpo(lse rclalion,_hil)S i((dicaics
paratlcl funclions across hydr<ili_m sl.ilcs wilh

no shifi in Iocalion along Ihc F,..I( inlc(-vM axis
or the i.'a.rolid prt'sSlllt3 _ixis. Thus. ncilhcr an

expanded nor dcplcled plasn la volume altered

Ihe response of lhe carotid-cardiac barorcflcx.
Threshold and saluralion of Ihc reflex, ,is indi-

cated by carolid disiendillg pressures al mini-
illllni and nlaximuln 14-1¢ interval,x, rc:,l_CClivcly.
wcie riot diffcrenl bclwccn volclnic ,Mnlcs.

Rarigo o1"Ihe R-R inlcrval rc,,,pon,,,c, aii index of
iolal buffcrml.', capacity o1 ihc rcflcx, and max>

intlill slope, an index of Ii:lrorcl'lcx scnsilivily,
wc(c not allcrcd by actilc hylxwok'nlia or

hypervolcmia.
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The degree to which wc dcplcled plasma

volume i_. ,_imil;Ir to Ihc hyp,wolcmin inducc(I

during spaccflighl [10}; thu,% the (:omp,m:_(_n of

barorcflcx ic, sponscs between hypovolcnlic and

nommw)lonlic sl;ilcs ill our subjccls may bc

lln;iioLtoli,s Io fluid Ins,_ dtlrilllt sp;iccl]ighl lind

ll._Sllln0d rt'plllccnlclll I_1 hy driuking l)iicir hi

rc0nlry. In Ihis slucly, Iho suhl¢cls incrca,%'d

wlsciiI4r vohllllt: [ll)Ovc ilOllllovoh_,llli;i r[llhcr

lhlm I't;,qorili!_' il I'roni liypow)loini;i ;is ;i,,;Iro-

iG;llllS do. ] lowt;vcr, wilhiil a l'jt'[llCr l_illltc Ih;in

Ihc norlnal ol)cr;iliOll;ll inlcrt'.<q_ o1 NA,%A, wc

have clcnlon,slralod Ih,il Ihcrc, al_l)C'ni<_ Iobc im

el-Peel of ;Iclllc vohilllo rt'dilCllOll or expansion

oil high-prc_ssllrc I){Irorcgci_h)r rcspOllgCS. Thcsc

dlll;I t'l)llfil'lll otlr c_irlicr til)SCI+VlIIIOII: :, from Ihc

bcdrcsl ,<,llltly Ihal ilnp;iirillcnl of lho carolid-

c;irtliac I)4rorcllcx ill man following exposure Io

,_ii-ntil;.llc(I ri]icrogr;tvily al_pc';Ir._ I(i occiir in(h:-

pClltlClll o[ Iht" ;.IeCOllll)allyillg hypov(llcnlia

17,Sl.

_11_c ability o1:a';Iron;illl,<4 Io coridllcl ,,qi[c 1111(I

cP[cclive l'lorrolTil41lCO O1" l_i,_k._ rcquirc.d during

cxpoStllt" Io (} I'orco_ of rt't'lllry, polcnli;d 01YiCl-

gcncy egress inmlcdi;ilcly following landing, or

return Io poslflighl .j_)h aclivilics, is of consJdcr-

ablc concern to NAgA. gall and walcr loading

prior lo rccnlry lure hccn used as an ;.iclllc COLIII-

Icrmcasurc and demonstrated Io bc only par-

li;llly cfl'eciivc in rcvcrsing Ihc cardiovascular
cffccis of Shuttle missions 2-g days long [2].
Since our data from the present study dcmon-
slrtllCd Ihat llOrlll()vi)iCIIli;I or expansion of v;1._-

ciilar vol/imc by Ihlid mgoslion did nol tiller Ihc

carolid-cardiac barorcl]cx rcspoil,_o compared

Io hypovolcmia _iniih.lr in nlal2j]iludo of Ihal

induc;cd by spaccl'lilthl, ii nlay bc lh;ll currci_lly

omploycd fluid h)adinl: lm)Cc'tlurc._ will bc lc',_,_

effective ;15 Sl_acclliyht nlis_ioil,_ oxc'cc(I two to

lhrcc weeks dural ion.

The In;,iinr I'hltlml: of flus ,,,ludy w:l_, Ih;ll acute

(-h;llll,('_ iI1 v;I,<;cill;u" vohllllCX did not ;li'l'ccl Itlc

rt'.hpOll_,c of Ihc t;iir_llid-c;irtliilc: I_cunrcl]c×. Wc

inlcrl_rCl Ihc<,c rc,',ull:4 ;1_, iudic:llin!" lh;il if
impaired high-l_rc,_,_urc b;irorcl]cxt',s (-nnlrilmlc

Io lhc dcvclolmWnl of lm,qllighl oMho,_hllic

hypoh'n,MoniV,, l, lhcn ,,_omc COlllllCrlllt';I,';ilrC

olht'r Ill;ill Ihiid IClll;iccilk'lll Ill;iy hc rctjilirctl It)

provide t:;irdiovti_,t'ilJ;Ir ,_l;ibililv Iolh_wing pro-

I(mgu'd c'xllli,_lllt" I()ntit:roltr;ivily.

MAXIMAl, I,;XI,;It,(:lSE i,;I,'I,'I,;CTS

I']xicnsiw" exercise hn', hccn li,_etl iu bolh lJ.g.

;ind govit'l sltllc, c iti'(_l!l;UilS in ;ill clhul Io

rt'w,'r,',t; (tl" niinilnilc xt'vt'r;il tqlysiolo!',,c ;itl:ipla-

Ii()llS whlt'h lii;ly t:(lllil_rltllli,',t" Ihc h,.'ahh, ,<-;;ilt'ly

;llld I)lOdli(livlly ol ;iMronlilll',, iilt'hitiiil!t 1)(_sl-

Ilighl llrlho.<-;hllic insl;ihilily. If exercise wcrt- I1"1

1_: cllctllVC iii t:ounlcrillF, p()_dlli!illl (ulho!;l;lliC

]lypOlCll_ion, il ,,,ct'111:4 rc;i,_Ollablc Ih;ll ;ill t_xt'r-

ci.';c prol'ilc would h:lvc h/ Ix" ,_pccilically
designed to l'C\,t'r_c: val'jll b:u'oicllcx impllir-

nlClll. \Vc" con_i_lt'r0d Ihc IX_xsilqlily lhal ;ill

_lclllc, h_lcll_C I)ol_l of c×crci._c r:llhcr lh;li_ con-

vc'iilion;ll ]oi_FJcl'nl lraininl', Inil'hl club;into

l_;irorcllc, x response sinc'c one episode o1" m_lXl-

lrlal cxc'l'c'ist: h;is provided I)roh'(:lion ;llVIili,Xl

oMho,_l;llic in,q;ibililv ;ind cl)i',odcs o[" f;imlin_:

I't)llowin!_ .,,hoM-Iorril t'xpl>;,urc, Io ,,,imUllilCd

micloltr;wil 7 1221.Thcrcl'orc, in lhc ihird xlu,ly,
we; pci[(mllc_l rcl)C, alcg Illt-,;iMirt'lilCld.,, (![ Iho

clirolid b,u'orcccphu" ,qinlulu,_-t';irtli;Ic rcl'lcx

rcs]'_Oll<_C i'c',lalil)li,',hip dilrillg Ihc 2,-l, h I_)llowiilg

cxpo,,,ilrc Io ;ill ;it:lllo nl,lXilillil exercise. Our

I'Csilllx MIl_l_Orlcd ()llr hyl_Oilwsis Ih'.ll ;l ._iuglc

1)olit o[ rll[ixinild dyn;imic cxt-rcl.',c m;ly rc'l_rc-

_('111 till cl'l\-clivc Ii(lllllh'l'lllC_l_;llrC for Imxl -

sp;tc'ctli!'hl _rlhoM;llic in_hd)ilily by ;iculcly

inc're;i,_ing lhc i'cspoi_<_ivcllcss of Iho vagal

l_;uorcl Icx.
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Eight healthy ncn'nlc, lcnsivc m,:n, with a mean

(£S1';) age of 32 _ 6 yrs, a i11e21n hcirhl of 180 :!

(, cm, a mean weight of 78.2 t ,).() kg, and a

mean maximal oxygen uptake (V()2max) mea-

sllred Oll lilt cycle crgonlClCr <11'4(,.2 _- 6.5 ml/

kg/min, seivcd as subjecls. On a randolu basis,

each sul!ject complclcd Iwo experimental prolo-

eels 1hal entailed pcriothc lt'sts of the c,u'olid-
card;tic bamrcflcx I) bcfl_rc and ancra maximal

supine exercise bout, and 2) during a COllmq

(no maxinlal exercise) session. Each prolocol

spanned 24 h, willl a minimum of one week

iulcrvening between Ihc two sessions. ,Subjecls

perfimned a nmlLislagc supine exercise lesl on a

QtlinIoil (model N45B) eleclronically-braked

cych" ert_',omelcr which cons;sled of conlinuous

graded work inlensilics al ,I pedaling frequency

l'allgiilg from 60-70 l],lll. The workl'ale for the
initial 4 nlin was 200 kpm/min, after which the

workrale was increased each minute by 100

kpm/min incrcmenls unlil Ihc subject reached

volitional exhauslion. In Ihis way. the dural;on

of lhe exercise laslcd lie longer Ih:ul 15-20 rain.

Subsequcnlly, carotid b:lrorclqex lesls were

made al 3, 6, 12, 18, and 24 h poslexercise,

wilh ;it least 313 rain in Ihc supine posilion pre-

ceding each. F.xacily lhe same ploi_eol at Ihe
same 24-h clock times was followed on Ihe

other cxperimcnlal day with tile exception of

lhc nlaxinlal supine exercise/)oul.

All blood I)lCSSlire :ill_l barorcflcx rcslmn._c
paralnclers wen: Ilnallcred Ihr</llghoul 24 h in
lhc conlrol Irealillelll. The aVCla!?(: slinnilus-

response rclalionsllips of Ihe 1)arorcfiex for all g
subjecls ;It preexerclsC (('1 h) ;llld 12 h poslcxcr-
cise are dcpiclcd in l:i_,. 4. l"igure 5 delnon-

slrales thai exercise sil_tnificartlly inert:axed bolh

maximunl slopes and ra,lgcs of responses by 3

h poslcxercisc and rem;iillctl above ]'_rccxert;I,<,e

vahies hy 24 h of fccovcry colnparcd Io lhe

conlrol IrcalIncnl. These pJoltcd rclalionship'_

dcmonslralc exercise induced a change in the

shape ill"lhc curve, i.e.,im'rcascd slope an,l

r;in__,c llf II'iiilillllilll 10 lilaXiilltllll R-l't illlCFVal.

Thcrefiwc, the major finding iff Ibis sludy was

lhal high inlensily cxercil,c It:ads 1o subslanlial
and prolnnged incrcasc in Ihe sensilivily and

fetal buffer eap_c'ily of lhc baroreflex Ihrough

at least 24 h of recovery.

hlcffcclivcllcss of ii:,ing cXlCllSive ,icrobic

exercise of iil(idcfale inlcnsity and hm I, thir;i-
lion Io counler',ict orlhoslalic inslabililv follow-

in,e exposurc 1o aCll.ial and Sillliilalcd inicro-

gr;!.vily Illliy rcprcscnl Ihc faihlre io id0nlify and

cmphiy a specific excrcisc profile thai reverses

or atlemlalcs the baroreflex impaimlenl asso-

cialed wilh orlhoslalic hypolension reported in

our firxl sliltty. Exercise prescriplions used

duritlg long duration spacefhghl have priniarily

consi,,,lcd of conventional daily repealed

dynamic exercise on a cycle or livadmill

crgomeicr for duralions of 30 rain to 2.5 h per

day [101. (,roundbase experimcnls in which

hedrcsl was used as a lnicrot,,ravily analog have
inchided Ihc use of similar exercise ;raining

pmlocols. Unfolltln;llely, COllVellliolla[ tlyrlalnic
aild r('xislive li'aillilig in I(] Cml_loying daily

subillaxinlal work ilulpuls have failed to pro-
(hIce ;lily t'lll'(HliC Cll;lllgCS II1 I]le scnsnlivilv of
lhe Calolid-t',lrdilic b;Iforcflcx 1q,20,231. "l:htls,

in Ii}thl i_l" Ihe relalionship bclwecn ilnpahed

hari_reflcx rcsl_onse aud orlhl)sl:ilic hypolension
following cxposllre lo silnulilled nlicrogravily.

il is nol surprising Ihal exercise ti'ammg Ihat
fails Io alter h;u'oicflcx scnsilivily in It] c;mimt

provide protection against orlhoslatic instability
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O|lr observalion lh;il iriaxiillil[ dynamic cycle

exerciseacutely increased the scnsilivily_)Ia
ctlrdiovascular reflex is nol wiIIlou! preccdcnl.

There is evidence to suggesl lhat lhc use of

graded lllaxinlill exercise can ,iClllcly restore

various cardiovascular and nlel;ibolie c;ipacilics

allcilualed by exposures Io sinulhllcd micro-

l:ravil 7 or physical dec_mdilioning, l-xposui-c

lo simul,llod inicrol,.ravily or i_llysie<il doomdi-

lionin b' has rethlccd insulin rcccph)r scnsilivily

in llhlll 117,161: lille boul of nlaxinial eXClcise

following III days of delraining relurllcd iliMllirl

sonsilivil 7 Io norln;.il h:vels I1<,I. (hie bout _ll

nlaxilnal cxercixo al lilt end of I(i days of

bedresl roslorcd VO'JlllllX, hcarl ralo, blood

pros,Mires, r:.lh;-prc.<,sllre-i)r¢_dilel, oxyl_,.cn pulse,

Clidiir;lllCC lime and orlhnslalic shlbilily on a

treadmill to pro-hodrcsi levels wiihin Iwo holil, v,

of ambillation [41. Two prinlary mcchariisnls

associaled wilh lhe development of Iloslflighl

orlhostalic hypolension appear to be reduced
bh)od vohllnC [21 and impaired t_arorel'lex
aclivJly 17,Xl. Aculo txpan._ion of i)lasnla

vohlmc has be'on induced by nlaxiinal exercise

I141 and rcversc'd lilt; rt'dilclion of aerobic

c,ipaeily aild _ll_;kc voliillle durinl,, cxcrci._e fol-

Iowin!: dclraining II21. In addilhm, <1 single

houl o[" niaxiinal c'×l:rt'i!_c" llak revol,_cd fahllinlt

clli_;ll_lt'._ flllh)wiilj, acilh" CXl)¢mlli-i" hi _liliilil:llcll

niicroyraviiy 1221, an effccl which inighl be

rchlled h) Ihe incrt'ased rc_pon._e of arlerial

baroreflexes observed in Ihe prcscnl sludy.

"l'htis, oilr oh_ClWili(_ll Ih;il il(llilt • nlaxJmal excr-

cJ_; h icit-ll_,('d I_a rnr('cc phlr- t:;ird iac icllex

rcxi)on_t; IIh'ly i'cl_re.%'lil _1 IllOle ilnivt'r.MII

rt'sponse in which the capacity of physiological
syslmlls may I_c hacrcasctl ;is parl _1' Ihc l,>encr;ll

adapt:ilion syndrlliuc llilillilt'xlcd dulhl !, Ihc

aClllC recovery pha,sc of inlcnse exercise.

"lilt rc;isons I'or Inaxinlal exorcise bcin!_ more

cffeclive Ihau exlendcd ,';ubn_axinlal levels in

lt'shU'ili_, VO2111ax, plasllla w)hillle, cardiowis-

Clllar c,ipacily, barorellcx fUllelioll, ilil(I oilho-

slalic slaibilily ,iflcr exposlire 1o simuhllod

miero!_,ravily are I1Ol clear. I lowcver, lhe use of

less frequenl _lnd l-iiOle iiliCllSC exercise {is at

possible COtllllCrllleiIsIIre againsl Ihe I(_ss of car-

diov,lxcuhir ,llld mcl nhol ic capacil los alid dcvcl-
opnlent of l_osiflighl orlllo._l;ilic hypolension

should 1×_ Ihor(>u_,,hly explored. Such all ext;r-

cisc prcscril_lion is allraclive bec'auf, e il wouhl

hc c_xl effeclive by enhancii_l_' Iho rlhlilllCniint-e

of crew helillh and poslflighl rt'covcry while

ininimi/.ing inflighl ilSC of work lime, food,
wilier illld oxy_,.en for exorcise aclivilics. 'l]liS

issue is all impoilanl considcralion since
re,,,liiirt:es for Iile supporl systems art: Iimiled.

SUMMARY

Exposure to micro i:nlviiy impairs lhc carolid-

cardiac vagal harorcflcx funclion arid provokes
orthoslalic hypolcnsion. 11 was rc,lsonablc io

hyl_olhcsizc 1]1;11 girl cffcclivc colinl(;rnle_lsilrc

for posll]ighl _lrlhosl,ilic hypolonSinl] should

ii_c'lude Ihc ahilily hi lcvcrsc shifts of ihc I)aro-

reflex icial ionshill. (Th;inl.',cs in vllScllliir vohllllC

duo Io fluid "lnadin_" has lilllc effccl; howevcr,

aciih- nlaXili],il cx('rcise ll]dilCCS baroreMex

t.llillll,,_, _qqn_:ilc Ill Ihal ill lilit'i_q,i;ivilv. This

effcc:l is Slilillliarilcd in I:i! k. ft. We lUCViou:dy

hypolhcsizcd Ihal Ihe devt:lOplllenl of efl\'.ciive

COUl_lerme;.isurcs for posl I'1ilthl orlhnslalic hypo-

It.llSion followin!t h)lil_-dllllilion space missions

illilthl Ilav¢" hi iilt:hi_lc h'chliJllilCS Io int'rt',i:;e

vagal--caldiac :iclivily and b;irort'llcx scnsilivily

prior Io recnlry ISl. Our l'csulls froln Ihe presenl

slll(ly sul,!'c.q Ihal Ollt: hi,ill of iiyil;inlic cxt'rcisc

Sllt'h ;is Itl;Idcd llliixhlial cycle" crl'.llnil'lry liliiy

represciil such ;l illclhod. Clio linlilaliOll 1o
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Fig. 6. Di;lI,,ranmtic Jlluxlr31Jon oF Ihc oppi)silc cffccl of a stay, it boul of m;iximal cycle cxcrcisc cOnll)arcd IO cxpo-
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arrow imlicatcs shifting of d_c tel,mort from t_cforc (solid line) Io allcr (hrukcn line).

cxir;q_ol;itm_,, ore" rc._ull._ Io .N_ncclliFhl condi-

liolls 14 IhaI our cxcrcinc CXI_CIIIIICIII,N t,%'CI'C COI1-

dilclod tiMug illnlmlatt)iy ,siib.jct'ls ralht;r Ih_ln

,<,ubjccl,_ who hnd b;irorc flex iml_Jairnlcnl

induced by t'xi-lo,Mirt; Io _iilllll_llcd micrn_,.r,ivily.

AllhollTh lilll" rc,_llll,_ do IiO| prove 1hill I'_,lro-

reflex almorn_illJlic,_ <.';itl_<.:([ I_y cxpo_llrt: 1o

microgravily C_II1 h0 rovcr._cd hy _l(.'tll0 maximnl
c.xcrci,sc, il _cc'nl,,.; I'¢ii'_Oll3hic lo hypolhc_i/,0
Ihal il" lhc bilrorcl'lcx iC,_l_()n._o t';ii) hc cnhnnccd

in Mil'{it_'cl.4 ,,villi norlnlll I'ullClloll, Ihcn in_iXilli;il

exercise t'ouhl hlcru",l,_t: scn,xilivilv in ,Mil')it'cl,_
wilh inlpaircd funclion. The uso of ono bOtll o1"

nlnxinhll cxc'rci,_o wilhin 2,.1 h of rconlr 7 tn,iy

rcl_lC,_C'lll ;I 1Onrlblc coiinlcrlllC_i,hilro <_g;linxl Iho

dovciopnl0i]l of po,_irli_hl orlhoM;lliC hypolcll-

._h)ll, The ro,hull,_ from Iho,_c ,_ludit:,_ piovidc a

phy,_ioh)/.it;nl ha,_is for {,rOlllldbtihc ;llltl ,<,['_at:c-

I'li<ahl Ic,<;ling of ;Iculc Inaximlil exercise n,_ a

prolccliv¢ nlolisllrc against po,gfligli[ orlhoslalic

in,_labilil 7.
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